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LEAD-FREE FIREARM BULLETS 
AND CARTRIDGES INCLUDING SAME 

BACKGROUND OF THE INVENT TON 
Field of the Invention 

5 The present invention relates to improved bullets 

for firearms, and cartridges including same. 
Description of the Background Art 

Most bullets for firearms are formed totally or 
partially from lead. The density of lead provides 
10 bullets made therefrom with a' ballistic efficiency 
which heretofore has not been matched by any other 
commercially available bullet material. While bullets 
jacketed with an outer layer of copper or other 
material are available to prevent barrel fouling and 
15 the like, such bullet cores typically are made- of lead 
to provide the bullet with acceptable ballistic 
properties. Unfortunately, lead is quite toxic, which 
has raised environmental concerns. 

Lead core bullets which are clad in copper or 
other material do not eliminate the toxicity problem, 
since the copper sheathing typically peels back when a 
fired bullet impacts an object, thereby exposing the 
lead core. 

There remains a need in the art for completely 
25 lead-free bullets which perform ballistically similar 
to bullets made with lead. 
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SUMMARY QF THE TNVENTTnN 

In accordance with one aspect of the present 

Z^'n Pr0jeCtUe iS PrOV±ded WhlGh uprises a 

" forld i 6t ' ^ l6aSt " PrinCiPal POrti ° n ° f ^ 
i- forced of a one-pi^ce element having a continuous 

all-metal structure primarily made u P of bismuth. 

In accordance with another aspect of the 
invention, a firearm cartridge is provided comprising a 

t or 2a;i!ir P H llant C ° ntained C *«^> ~"» 

for igniting the propellant, and a firearm bullet, at 

least a principal portion of which is formed of a one- 
piece element having a continuous all-metal structure 
containing bismuth. 

BRIEF DRSCRIPTTnn n F T!!R r>n ahtm^o 

of a 1 18 3 Partly 6cheraatic cross-sectional view 

of a firearm cartridge including a one-piece bullet 
containing bismuth according to one embodiment of the 
present invention. 

Fig. 2 is a partly schematic cross-sectional view 
of a one-piece, bismuth-containing shotgun slug 
according to another embodiment. 

of a two\i 16 \ Partly sche ™tic cross-sectional view 

still Ino^"' ^ SmUth - CO " tai »-9 ^llet according to 
still another embodiment. 

of a t£reAf * £ t rtly 8Chematic "oss-sectional view 

to LTlZ t u \ mUth - Cmtalnln9 bullet »"°rding 
to yet another embodiment. 

"^"wp. of y, F mrmmm «n^ rn- 

casing whi " UStr " SS « firsa ™ cartridge including . 
casing 10 which can, for example, be made up „ f bra8 * 

a primer 14 which is actuated when struck by the fiw„„ 
P*n of a fiream (not shown). * fir1 " 9 
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Held within neck 16 of casing 10 is a bismuth- 
containing bullet 18 according to one embodiment of the 
present invention. Bullet 18 shown in Fig. 1 is made 
in one piece with an all-metal continuous structure 
5 formed by any suitable method such as casting. 

Applicant has discovered that bismuth is an 
excellent material for use in the manufacture of 
firearm bullets of any useful size. For example, the 
invention is applicable to bullets in the size range of 
10 from about .22 caliber up to 10 gauge slugs for 

shotguns. Fig. 2 shows a one-piece, bismuth-containing 
shotgun slug 19 according to one embodiment. 

The present invention is also applicable to so- 
called -clad" or "jacketed- bullets, such as are 
15 illustrated in Figs. 3 and 4 . These jacketed bullets 
include one or more bismuth-containing elements, each 
of which is formed as a one-piece element having a 
continuous all-metal structure primarily made up of 
bismuth. 

20 in Fig. 3, the bullet 20 is made up of a single, 

one-piece, bismuth-containing core element 32 • 
surrounded by a metal jacket 24, which can be of any 
suitable metal such as copper or copper alloy. 

in Fig. 4, the bullet 26 includes two bismuth- 

ITlltT I T S ele,nentS 20 30 WhiGh «• — ounded 

by metal jacket 32. 

in preferred embedments, the bismuth-containing 
events of Jacketed buliets such as are shown 1„ Fi g 3 . 
2 and 3 comprise at least about 50% by weight of the 

ITU T 1 ^' "°™ Pref * Mbl *' " l—t about 75* ly 
weight thereof. y 

The bismuth-containing elements of bullets in 
accordance with the present invention are formed by 
casting, spin molding, dropping, punching or in any 
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other suitable manner, and can be ^ 
substantially pure bismuth. It has al so been 
discovered that bismuth provides an excelled allov 

least ^M^ZSJTT COntatn " 
embodiments th^ m b «. wei 9ht. m more preferred 
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Bismuth-containing elements of bullets f o™h , 

bullets of corresponding iead 

in particularly preferred embodiments the 
bismuth-containing elements of bulle^ ac™ T 
invention contain about ,.. by weioht orT ^ ' **" 
-or example, an alloy containment mTv ?7T' 
bismuth and about 2% by weioht *.„ Y 9ht 

used in bullets whi,... . ° r antl "°-y can be 

in millets which perform ballistical] v 
substantially the same as lead. ' * 

In other particularly preferred «.h~<i 
bismuth-containing elements of -^Sjlrir™^' ^ 
with the present invonK """eta In accordance 

or more blsmu"! ZZZ^T^ "* * ^ 

weight bie m ut h and^Lr 1 ; " % " 

corresponding bullets made with leL^^ 
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bullets containing bismuth in accordance with the 
present invention have deformation characteristics 
similar to corresponding bullets made with lead. This 
provides bullets containing bismuth according to the 
invention with sim^ar animal stopping characteristics 
as corresponding bullets made with lead, but without 
the poisonous effects of lead on the environment. 

Since many modifications, variations and changes 
in detail may be made to the described embodiments, it 
is intended that all matter in the foregoing 
description and shown in the accompanying drawings be 
interpreted as illustrative and not in a limiting 
sense. 
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bullet at A 1 Pr °^ Ctile uprising a lead-free firearm 
bullet at least a principal portion of said bullet 

airLtir^ ° f 9 ° ne " PieCe Glement haVi ^ * continuous 

buHTLi T ure primarily made up of bis - th < 

bullet bexng of a size in tne range of from 
caliber to about 10 gauge. 

2 The projectile of Claim 1, wherein said one- 
pxece element is f orined of an Moy h 

substantially the same density as lead. 

3. The projectile of claim 1, wherein said one- 
Pxece element further comprises tin, antimony, 2 i nc or 
a mixture thereof. ' c or 

bullet' at A , Pr °f eCtlle ""-Posing a lead-free firearm 
bullet at least a principal portion of said buHet 

a!i n ltr1 ° f " ° ne " PleCe ele " ent h " in ' * -ntinuous 
one'ole T UCtUre P^«"y -d. up of Bismuth, said 
one-prece element being forced by casting, spin 
»°ldi„g, dropping or punching, said bullet being of a 

20 size in the range of from about 22 callh„. ► V 

ga Uge . ca liber to about 10 

r.L«J\ ^ Pr ° leCtile ° £ I- "herein said one- 

piece element contains at - l^^ w • 

more bismuth. " ^ 5 " * WSi <> ht « 

" Pr ° 3ectlla »* Clai„ 1- "herein said one- 

piece element contains at least about 60% by weight or 
more bismuth. Y wei 9 nt « 

oiece 7 ', 11,8 Pr0:leCtile o£ 1. "herein said one- 

30 PleCe K ele "> ent «»t«i« at least about 70% by weight or 
30 more bismuth. Y wei S ft t or 
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8. The projectile of Claim 1, wherein said one- 
piece element contains at least about 80% by weight or 
more bismuth. 

9. The projectile of Claim 1, wherein said one- 
5 piece element contains at least about 90% by weight or 

more bismuth. * 

10. The projectile of Claim 1, wherein said one- 
piece element contains at least about 95% by weight or 
more bismuth. 

10 11 • The projectile of Claim 1, wherein said one- 

piece element contains at least about 98% by weight or 
more bismuth. 

12. The projectile of claim 1, wherein said one- 
piece element contains at least about 99% by weight or 

15 more bismuth. 

13. The projectile of Claim 1, wherein said one- 
piece element contains at least about 50% by weight of 
said bullet. 

14. The projectile of Claim 13, wherein said one- 
piece element is a bullet core, which bullet core is 
surrounded by a metal jacket. 

15. The projectile of Claim 14, wherein said 
bullet core comprises at least about 75% by weight of 
said bullet. 

25 16 • The projectile of Claim 15, wherein said one- 

piece jacket contains copper. 

17. The projectile of Claim 14, further including 
a second one-piece element having a continuous all- 
metal structure primarily made up of bismuth, the 
second one-piece element being a second bullet core 
which is surrounded by said metal jacket. 
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18. The projectile of Claim 17, wherein the first 
and second one-piece elements comprise at least about 
75% by weight of said bullet. 

19. The projectile of Claim 17, wherein said one- 
5 piece jacket contains copper. 

20. The projectxle of Claim 1, wherein said one- 
piece bullet is made up substantially entirely of said 
one-piece element having a continuous structure. 

21. A firearm cartridge comprising: 
10 (a) a casing; 

(b) a propellant contained within said 
casing; 

(c) means for igniting said propellant; and 

(d) a lead-free firearm bullet, at least a 
principal portion of said bullet being 
formed of a one-piece element having a 
continuous all-metal structure primarily 
made up of bismuth. 

22. The firearm cartridge of Claim 16, wherein 
said one-piece element provides said bullet with 
substantially the same density as a corresponding lead 
element . 



15 



20 



WO 92/08097 



PCI7CA91/00373 



10 



15 



AMENDED CLAIMS 

Lreceived by the International Bureau 
. - , . . on 27 March t992 (27.03.92); 

original claims 1,4,17 and 21 amended; other claims unchanged (3 pages)] 

1- A projectile comprising a lead-free firearm 
bullet, at least a principal portion of said bullet 
being formed of a one-piece element having a continuous 
all-metal structure primarily made up of bismuth alloy, 
said bullet being of a size in the range of from about 
.22 caliber to about 10 gauge. 

2. The projectile of Claim 1, wherein said one- 
piece element is formed of an alloy having 
substantially the same density as lead. 

.3. The projectile of Claim 1, wherein said one- 
piece element further comprises tin, antimony, zinc or 
a mixture thereof . 

4. A projectile comprising a lead-free firearm 

bullet, at least a principal portion of said bullet 

being formed of a one-piece element having a continuous 

all-metal structure primarily made up of Bismuth alloy, 

said one-piece element being formed by casting, spin 

molding, dropping or punching, said bullet being of a 

20 size in the range of from about .22 caliber to about 10 
gauge . 

5. The projectile of Claim 1, wherein said one- 
pxece element contains at least about 50% by weight or 
more bismuth. 

25 6 * The P^jectile of Claim 1, wherein said one- ' 

pxece element contains at least about 60% by weight or 
more bismuth. 

7. The projectile of Claim 1, wherein said one- 
piece element contains at least about 70% by weight or 
30 more bismuth. 
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8. The projectile of Claim 1, wherein said one- 
pxece element contains at least about 80% by weight or 
more bismuth. 

9. The projectile of claim 1, wherein said one- 
5 piece element contains* at least about 90% by weight or 

more bismuth. 

10. The projectile of Claim 1, wherein said one- 
pxece element contains at least about 95% by weight or 
more bismuth. 

10 . 11- The projectile of Claim 1, wherein said one- 

piece element contains at least about 98% by weight or 
more bismuth. 

12- The projectile of Claim 1, wherein said one- 

15 llZ\ elem T C ° ntainS ^ lea " about 99% by weight or 
J-3 more bismuth. 

13. The' projectile of claim 1, wherein said one- 

i:z\:izr contains at ieast about so% by - 

14 The projectile of Claim 13 , wherein said one- 
20 pxece element is a bullet core, which bullet core is 
surrounded by a metal jacket. 

15. The projectile of Claim 14 , wherein said 

s:id e : u .L r :. comprises at ieast about ?5% * — - - 

25 oiec Pr ° jeCtile ° f "-I- 15, wherein said one- 

piece jacket contains copper. 

a second Pr ° jeCtile ° f Clai * 14 < ^ther including 

second one-pxece element having a continuous all- 
-.tal structure primarily made up of bismuth alloy , 

core which is surrounded by said metal jacket 
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18. The projectile of Claim 17, wherein the first 
and second one-piece elements comprise at least about 
75% by weight of said bullet. 

19. The projectile of Claim 17, wherein said one- 
piece jacket contains^copper. 

20. The projectile of Claim 1, wherein said one- 
piece bullet is made up substantially entirely of said 
one-piece element having a continuous structure. 

21. A firearm cartridge comprising: 

(a) a casing; 

(b) a propellant contained within said 
casing ; 

(c) means for igniting said propellant; and 

(d) a lead-free firearm bullet, at least a 
principal portion of said bullet being 
formed of a one-piece element having a 
continuous all-metal structure primarily 
made up of bismuth alloy. 

22. The firearm cartridge of Claim 16, wherein 
said one-piece element provides said bullet with 
substantially the same density as a corresponding lead 
element. 
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STATEMENT UNDER ARTICLE 19 



"alSj^ lf all " metal structure is now defined as bismuth 

"allo?^ 4 ' all - meta5 - structure is now defined as Bismuth 

J al?o?^ 17 ' all - metal structure is now defined as bismuth 

"alJo?^ 21 ' thS all - metal structure is now defined as bismuth 
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